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Abstract

Objective.To characterize the impact of SARS-CoV-2 infec-
tion in workers from an essential large-scale company in the
Greater Mexico City Metropolitan Area using point preva-
lence of acute infection, point prevalence of past infection
through serum antibodies and respiratory disease short-term
disability claims (RD-STDC). Materials and methods.
Four randomized surveys, three during 2020 before and one
after (December 202 1) vaccines’ availability. Outcomes: point
prevalence of acute infection through saliva PCR (polymerase
chain reaction) testing, point prevalence of past infection
through serum antibodies against Covid-19, RD-STDC and
prevalence of symptoms during the previous six months.
Results. Prevalence of SARS-CoV-2 cases was |.29-4.88%,
on average, a quarter of participants pre-vaccination were
seropositive; over half of participants with a RD-STDC had
antibodies. The odds of having antibodies were 6-7 times
more among workers with an RD-STDC. Conclusions.
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Resumen

Objetivo. Caracterizar el impacto de la infeccion por
SARS-CoV-2 en trabajadores de una gran empresa esencial
del Area Metropolitana de la Ciudad de México, utilizando
prevalencia puntual de infeccion aguda, prevalencia pun-
tual de infeccion pasada a través de anticuerpos séricos e
incapacidades temporales para el trabajo por enfermedad
respiratoria (ITT-ER). Material y métodos. Cuatro en-
cuestas aleatorias, tres durante 2020 y una en 2021, sobre
de disponibilidad de vacunas. Desenlaces: prevalencia puntual
de infeccion aguda a través de pruebas de PCR (polymerase
chain reaction, por sus siglas en inglés) en saliva, prevalencia
puntual de infeccion pasada a través de anticuerpos séricos
contra Covid-19 (niveles de anticuerpos S/N), ITT-ERs y
prevalencia de sintomas durante los seis meses anteriores.
Resultados. La prevalencia de casos positivos para SARS-
CoV-2 fue de 1.29-4.88% y, en promedio, la cuarta parte de
participantes presento anticuerpos prevacunacion; mas de
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High antibody levels against Covid- 9 in this study population
reflects that coverage is high among workers in this industry.
STDC:s are a useful tool to track workplace epidemics.

Keywords: SARS-CoV-2 seroprevalence; short term disability
claims; essential workers; Mexico

la mitad de participantes con ITT-ER tenian anticuerpos. Las
posibilidades de tener anticuerpos fueron 6-7 veces mayores
entre aquellos con ITT-ER. Conclusiones. Los altos niveles
de anticuerpos contra el Covid-19 en la poblacion de estudio
reflejan que la cobertura es alta entre los trabajadores de
esta industria. Las ITTs son una herramienta Util para rastrear
epidemias en el lugar de trabajo.

Palabras clave: seroprevalencia de SARS-CoV-2; incapacidad
temporal para el trabajo; trabajadores esenciales; México

ssential workers outside of the healthcare sector

have had an important role in maintaining the core
functions needed for the economy and society during
the Covid-19 pandemic. However, many were more
vulnerable to infection because they worked in riskier
conditions (such as customer-facing roles, production
lines where employees work close together; physically
intense and high-speed labor), used public transpor-
tation, and had less access to information regarding
measures to prevent infection.! Furthermore, despite
this increased risk, these groups were not a target for
early vaccination in many countries. After vaccinating
health professionals, the Mexican Government used
an age-descending order to prioritize the national vac-
cination rollout plan,>? to protect those who are at most
risk of death, and the limited supply of vaccines drove
the government to ignore the prioritization of other
essential workers.*

Mexican private-sector workers and their families
receive healthcare (in primary care clinics and hospitals
nationwide) and economic benefits (short-term disabil-
ity support, pension funds, day care support, etc.) from
the Mexican Social Security Institute (IMSS, in Spanish).
IMSS covers over 20 million workers plus their families,
translating to almost half of the Mexican population,
and is tasked with ensuring workplace safety and
continuity, preventing outbreaks, maintaining essential
activities, and protecting employment and workers’
livelihoods.® Throughout the pandemic, IMSS worked
closely with private-sector industries to provide simple
and actionable methodologies to monitor and respond
to Covid-19 in the workplace, helped operationalize
economic reactivation guidelines and requirements, and
was pivotal in the vaccination efforts.” We have previ-
ously reported on using respiratory disease short-term
disability claims (RD-STDCs) to track Covid-19in IMSS-
affiliated workers,®® however there are no studies that
analyze these administrative data in combination with
antibody measurements among workers from essential
industries other than the health sector.
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Alimited number of studies have focused on non-
healthcare essential workers and how SARS-CoV-2 sero-
prevalence evolved previous to the vaccine roll-out.!*1?
Additionally, disease incidence in this population can
be tracked using short-term disability claims (STDCs)
submitted to IMSS. The aim of this study was to char-
acterize the impact of SARS-CoV-2 infection in workers
from an essential large-scale company in the Greater
Mexico City Metropolitan Area using point prevalence
of acute infection, point prevalence of past infection
through serum antibodies and RD-STDC.

Materials and methods

We conducted four cross-sectional surveys of IMSS-
affiliated workers from 38 work centers of an essential
large-scale company in the GMCMA: September 22-29,
2020, November 9-13, 2020, January 4-9, 2021, and No-
vember 22-26, 2021. To obtain a representative sample,
we used an anonymized list and a stratified random
sample (SRS)" controlled by work center category
(sales center, production plant, and distribution center).
Sample allocation was proportional to the work center
size during the corresponding cycle. Eligible study
participants included those working in person, therefore
available during study testing days. All participants
reported being in good health and free of any Covid-19
symptoms at the time of the survey. Personnel with
comorbidities were working remotely as per mandate
of the Health Ministry and the company. Cycle 1 had
a sampling frame of N,=10 419, of which 1,=965 was
randomly selected; Cycle 2: N,=9 358, with n,=1 195
selected; Cycle 3: N,= 10 966, with 1,=760 selected;
and Cycle 4: N,=11 602, with n,=1 011 selected. Due to
financial reasons the company decided that for Cycles 2
and 3, participants who had previously tested positive
for antibodies were excluded from the sampling frame.
Only study participants with a blood sample had anti-
body testing, therefore individuals recruited for cycle
2 that were not included in cycle 1 (and those included
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in cycle 3 that were not included in cycle 1 or 2) didn’t
have antibody testing. In order to be excluded from the
sampling frame a worker had to participate in a previous
cycle and test positive for antibodies, those testing nega-
tive could be randomly selected to the next cycle, given
that they were still working for the company (Cycle 2:
8 repeated, Cycle 3: 45 repeated, Cycle 4: 110 repeated).
Additionally, on study visit days at the work centers,
workers who were not randomly selected through the
sampling frame but who wished to participate were
included in a convenience sample. These results were
analyzed separately from the randomized representa-
tive sample and are reported separately and weighted
by work center category (sales center, production plant,
and distribution center).

A signed informed consent was obtained from all
participants. The National Scientific Research Commit-
tee at IMSS approved this research protocol (R-2020-
785-065).

Biological samples

We measured the total antibodies against the nucleo-
capsid protein and receptor-binding domain of the
spike protein. We used chemiluminescent microparticle
immunoassays to determine the presence of antibodies
to SARS-CoV-2; for Cycles 1-3, to detect IgG type im-
munoglobulins against the SARS-CoV-2 nucleocapsid
(Anti-N) virus, we used the AdviseDx SARS-CoV-2
IgG II assay on the Abbott Laboratories” ARCHITECT
i1000SR."*15 For Cycle 4, we used Roche’s Elecsys
Anti-SARS-CoV-2 S immunoassay on the COBAS e411,
which evaluates the presence of antibodies to the spike
(S) protein.’®

SARS-CoV-2 infection was determined Covid-19
presence was assessed via reverse transcription poly-
merase chain reaction (RT-PCR). Saliva was collected in
50 ml polypropylene wide-top, twistable-lid tubes (8-10
ml) by passive drooling; nucleic acids were extracted
from 200 uL of saliva using the viral / pathogen nucleic
acid isolation kit MagMAX (Thermo Fisher Scientific).
We eluted 75 L in the elution buffer and used the RT-
PCRkit TaqPath Covid-19 CE-IVD." The kit detects the
genes ORFlab, S protein, and N protein. We classified
samples as positive when primer/ probe sets with a cycle
threshold value (Ct) less than 40 were detected. If only
one of the genes was detected, the sample was classified
as inconclusive. All tests were detected with real-time
thermocyclers ABI QuantStudio 5 or QuantStudio 7
from Thermo Fisher Scientific. Blood and saliva samples
were collected before noon and transported daily to
the Mexican Institute of Genomic Medicine (Inmegen,
in Spanish) for analyses. We obtained information for
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participants Social Security number (SSN), sex and age
at the time we collected the samples.

Questionnaire

Participants were asked to complete the sociodemo-
graphic questionnaire within two days before or after
sample collection. From this, we obtained informa-
tion on self-reported respiratory illness and Covid-19
symptoms (fever, headache, new or worsening cough,
shortness of breath, sore throat, rhinorrhea, diarrhea,
anosmia, myalgias, and conjunctivitis) since March
2020 to the date of the study visit, therefore those with-
out questionnaire are not included in the association
analysis that includes this information as a covariate.

Respiratory disease short-term disability
claims (RD-STDCs)

An STDC can only be issued by a medical doctor at
an IMSS facility (clinic or hospital). For workers who
answered the questionnaire, we used SSN to match the
antibody and PCR test results with the IMSS RD-STDC
database from January 1, 2020 to the first day of each
cycle’s study visit. We queried the STDC database for
claims with any of the following ICD-10 codes: acute
respiratory diseases (J01, J04-J06, J20 and J21), influenza
(710 / J11), pneumonia (J12, J18), Covid-19 (U07.1, UO7I,
U075);%° we utilized records in which the diagnosis
contained any word related to Covid-19. To compare
between study cycles, we included any RD-STDC in
the previous six months.

In order to illustrate if disease developed differ-
ently in our study population compared to their peers
(i.e. essential workers from this specific company,
with similar exposure scenarios) and to workers in
the general population, we describe the evolution of
the pandemic in our study population by comparing
the RD- STDCs issued to our study participants (i.e.
only from the GMCMA) to 1) the RD-STDCs issued to
workers from the same company at a national level (per
registered worker) in other work centers across Mexico,
therefore having similar exposure scenarios and 2) to
those RD- STDCs issued at the same IMSS healthcare
facilities than the study population (per affiliated
worker to the healthcare facility in the GMCMA),
to determine if the curve evolves the same as other
workers (STDC can only be issued to IMSS affiliated
workers). Additionally, we extracted the number of
disability days authorized, the number of subsidized
days and the total amount in Mexican pesos that RD-
STDC in the company for the study period (i.e. January
2020-November 2021).
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Vaccination history

For the fourth cycle, we included information on self-re-
ported vaccination history and vaccine type and matched
workers’ national unique identity code to the National
Covid-19 Immunization Database (unvaccinated or vac-
cinated: doses received, dates, and vaccine brand).

Statistical analysis

Analysis was performed using Bayesian hierarchical
methods. Briefly, we adapted Gelman and Carpenter’s
methods on stratified models to multiple cycles. Hence,
for all estimators we accounted for within-strata (work
centers) and withing cycle variations while also con-
sidering the temporary effect of the previous cycles
via dynamic priors. As an example, the prevalence for
each cycle depends upon the prevalence of the previ-
ous cycle (to account for the trend). The prevalence for
each stratum in each cycle depends upon the cycle’s
global prevalence. Finally, if groups (within strata) are
involved, values of the groups depend upon the group
itself, strata, and cycle. The supplementary material
provides the basic structure of model estimations and
a complete description of the methodology.'®

For the first three cycles (prevaccination), we
adapted the multilevel logistic regression from Gel-
man and Carpenter! to assess the odds of seropositiv-
ity conditional on sex, age group, previous Covid-19
symptoms, and an RD-STDC in the previous six months.
It also accounted for time dependency within cycles,
hierarchical dependency within strata, and the survey’s
sampling design. This analysis was not performed for
the convenience sample as we could not account for the
sampling frame.

For all analysis involving antibodies or PCR we
also considered the tests” corresponding sensitivity and
specificity. Bayesian methodology allowed us to make
informed inference even on those parameters where
zero or few cases were reported. Frequentist methods to
correct a test’s sensitivity and specificity (such as Benda-
vid and collaborators),? fall short when the proportion
of positive cases is small (prevalence smaller than the
test’s-one minus-specificity). The survey methodology
was designed for any company that was interested in
implementing it. We reached out to several companies
who carried out the protocol; however, the results across
companies are not comparable (different economic
activity, less follow-up). Therefore, this work reports
the results of the company with the longest and most
complete follow-up.

Estimation of the posterior distribution was con-
ducted using No-U-Turn Sampling®' using Stan in the
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cmdstanr package of the R programming language.”*

For each parameter, we report the median of the pos-
terior distribution and the 95% credible interval (CI),
defined as the highest density interval of the posterior
distribution. Seropositivity (IgG) and PCR estimates
were adjusted by the tests” sensitivity and specificity
using 1.00 and 0.98" and 0.907 and 0.98'1¢ for PCR and
IgG, respectively. All estimates are weighted to account
for study design and test sensitivity and specificity (if
applicable); all estimates presented have the correspond-
ing 95% credible intervals (95%CI).

Results

We studied 3 768 workers (with 3 931 observations)
who represented 11 420 employee observations (sample
mean 38.9 years, 83.3% men). Supplementary table I
shows the characteristics of participants in the four
cycles (crude and weighted). On average, workers
were 38.9 years old. Sales centers had more workers,
and the proportion of men was four times higher than
that of women. Although older workers were exhorted
to remote work, the study population included a small
number of 60+ workers (n= 8). The proportion of
workers in each age group remained constant, with no
statistical difference between the first and third cycles
and an increase in the number of workers per center
(i.e. randomized) in the fourth cycle, most likely due
to the return to in-person modality work.'®

Table I shows the crude and weighted proportion
of antibodies in the study population over the four
cycles by age, sex, self-reported respiratory illness,
and six-month previous RD-STDC. The percentage of
workers with antibodies was similar across age cat-
egories except for those 60+. Men consistently had a
higher probability of antibodies (figure 1 more clearly
illustrates these results by age group). The percentage
of workers with a previous self-reported respiratory ill-
ness and antibodies decreased from Cycle 1 to Cycle 3.
For both sexes and all other categories of self-reported
illness, six-month previous RD-STDC and age catego-
ries antibodies increased to almost 100% in Cycle 4,
postvaccination.

The point prevalence of active infection varied in
the different cycles, reflecting RD-STDC incidence ob-
served for the study population (tableI). The prevalence
of IgG seropositivity also varied by cycle, with marginal
difference in the first three cycles, reaching 99% in Cycle
4 after vaccination efforts had been rolled out for groups
over 18. The percentage of workers who claimed an RD-
STDC in the previous six months decreased significantly,
from almost 13.16% in the first cycle to 6.79% by the
fourth cycle (table I).
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Table |
SEROPREVALENCE IN ESSENTIAL WORKERS OF A LARGE=SCALE COMPANY IN THE GREATER MExico CiTy
MEeTROPOLITAN AREA, MARCH 2020-NovemBER 2021

Cycle 2: November 9-13,2020

Cycle 3:January 4-9,2021

Cycle 4: November 22-26,2021

Variable Sample  Estimate o Sample  Estimate o Sample  Estimate o Sample  Estimate o
size  (weighted) 93%cl size  (weighted) 93%cl size  (weighted) 95%d size  (weighted) 95%d
Men 831 2851 24593221 965 22.18 18542530 642 2126 17.382520 838 99.49  98.93,99.90
Women 134 20.85 11.09,30.00 230 1685 10.882474 118 1693  830,25.80 173 98.47  96.46,99.86
Under 35 322 2461 19.00,29.82 379 1887 13.99,2389 213 2140 14552805 314 98.85 97.46,99.80
35-44 312 2689 21.583342 355 2228 16.58,27.95 248 21.60 15.00,27.85 352 98.77  97.58,99.72
45-59 220 29.07 20.9536.70 252 1887 12472463 194 1599  9.38,22.40 340 99.20 98.04,99.87
60+ | 49.82 10.28,86.98 2 31.54  3.37,68.83 0 5031 12.73,88.60 5 71.95 35.90,96.62
fz'rfyrlflﬂzzid TSP 955 5361 46585965 275 3800 31434423 208 3009 23343709 294 9902 97.69,99.87
No self-reported 571 1447 1081,1842 676 1190 8621561 431 1508 10091926 413 99.06 97.8699.89
respiratory illness
NoRDSTDCinthe 47 208y 1731427 1070 1770 14772078 687 1696 13202033 944 9960 99.0999.94
previous 6 months
RD-STDC in the 118 6895 60007788 125 4600 36245588 73 5163 389l64l4 67 963 =17
previous 6 months
95%Cl: 95% Credible Intervals
RD-STDC: Respiratory disease-short term disability claim
*This information was obtained with a questionnaire, some study participants had this missing
Cycles 1,2,and 3: seropositivity is for anti-N antibodies and for cycle 4, anti-S antibodies
R Cycle | Cycle 2
% September 22-29, 2020 November 9-13,2020
100
75
50
I T T ¢ ¢ T + T -
25 | 3 ¢ =1 5%
g 0 X 1
< Female Male Female Male
>
(ol
> Cycle 3 Cycle 4
g % January 4-9,2021 November 22-26,2021
2
£ 100 L ] (] = = =
T
75
50 ——
25 T -
1 1 L
0 -1
Female Male Female Male
Age Sex
—@— <35 —@— 35-44 —@— 45-59 H Male @ Female

Ficure |. SARS-CoV-2 ANTIBODY PREVALENCE BY SEX AND AGE CATEGORY, PER SURVEY CYCLE. ANALYSIS
ADJUSTED BY TEST SPECIFICITY (0.98) AND SENsITIVITY (0.907)
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Figure 2 shows the inferred evolution of RD-
STDC incidence, since the beginning of the pandemic
(prevaccination)-including the national Jornada Nacional
de Sana Distancia, a period of voluntary lockdown for
nonessential workers from March 23 to May 31 of 2020%
-until the postvaccination period in November 2021. The
RD-STDC incidence in our study population mimicked
that of the rest of the company and was slightly above
that within the same IMSS healthcare facilities. In terms
of the economic impact, these RD-STDC represented
119 210 authorized disability days of which 86 848 were
subsidized, translating to 43 061 788 Mexican pesos. The
prevalence of workers with antibodies is shown for each
study cycle with respect to the vaccination campaign
rollout: below 28% for the first three cycles, sharply
increasing to 99.6% by November 2021.

Table IT shows that the odds of seropositivity were
higher for men than women and almost sixfold dur-
ing Cycle 3 (OR: 6.66; 95%CI: 2.58,26.82). Compared to
workers younger than 35, those 35-59 had higher odds of
seroprevalence in all cycles and these were statistically
significant for age group 35-44 in the second cycle and
for age group 45-59 in cycles 1 and 2. Workers 45-59 had
three times the odds of seropositivity compared to the

%

2.5 Jornada Nacional de Sana
Distancia
(Voluntary lockdown for

youngest workers in Cycle 2 (OR: 3.40; 95%CI: 1.72,7.15).
For Cycle 1, workers with self-reported previous Covid
symptoms had seven times the odds of seroprevalence
compared to those without such symptoms (OR: 7.51;
95%CI: 4.24,14.02). The odds of seroprevalence were
higher for those workers with a previous RD-STDC
compared to those without and highest for Cycle 2 (OR:
7.28; 95%Cl: 3.76,15.07).

Vaccination status

Table IIT shows the percentage of workers vaccinated
and with antibodies within each vaccine group; 98.26%
were vaccinated. AZD1222 was the most widely used
vaccine, accounting for 52.48% of the population,
followed by Gam-COVID-Vac (18.36%), CoronaVac
(6.38%), BNT12b2 (3.96%), mRNA-1273 (2.49%), Ad5-
nCoV (0.49%), and Ad26.COV2.S (0.36%). We were
unable to identify brand for 13.39% of the study popula-
tion. In vaccinated individuals (at least one dose), the
proportion of antibodies by vaccine type was higher
than 90%, except in Ad5-nCoV and Ad26.COV2.S, for
which the sample size was too small (1= 2 and n=1,
respectively).

%

18G+:99.59% ©| |00

30-39

75

Cycle 4

Vaccination of citizens 50-59
Vaccination of citizens 40-49

Vaccination of citi

50

Vaccination of senior citizens 60+
Vaccination of remaining citizens |8+

2.0 non-essential workers)
3
S Cycle | | Cycle2| Cycle3
=]
T |5
£
<
=
a
g 1.0
~
(o) lgG+:
o ¢ 1gG+:
20.75%
0.5 NAA
———]
0.0
O O O O O O O O O o o o
Fd g 4 d q q & g q
c 5 5 5 > c 5 a8 o> v
s P &8 o8 5 2 3 o R 0o 9
L > < 2T << wvw Oz A

Jan-21

Fer-21
SIIPOQNUE 7-A0D-SYVS YIIM SIdjJom s Auedwiod ayp Jo Juadiagd

Mar-21
Apr-21
May-21
Jun-21
Jul-21
Aug-21
Sep-21
Oct-21
Nov-21

Weekly Incidence

RD-STDC in same healthcare
—— facilities as study participants
(source: IMSS)

RD-STDC in the company
—— across all of their work
centers (source: IMSS)

RD-STDC in the work
— centers under study (weighted
sample with 95% ClI)

FIGURE 2. ESTIMATED WEIGHTED INCIDENCE PER EPIDEMIOLOGICAL WEEK OF RESPIRATORY DISEASE SHORT=TERM
DISABILITY cLAIMS (RD-STDC) AMONG ESSENTIAL WORKERS OF A LARGE=SCALE COMPANY IN THE GREATER
Mexico CiTy AREA (STUDY POPULATION), WORKERS OF THE ENTIRE COMPANY AND OF THE SAME HEALTHCARE

FACILITIES USED BY THE STUDY POPULATION
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Table Il

ASsSOCIATION BETWEEN SEX, AGE GROUP, CovID- 19 sYMPTOMS, AND RESPIRATORY DISEASE SHORT-TERM
DISABILITY cLAIM (RD-STDC) AND SEROPREVALENCE AMONG ESSENTIAL WORKERS OF A LARGE=SCALE
COMPANY IN THE GREATER MExico CiTy METROPOLITAN AREA, MARCH 2020-NoveEMBER 2021

) Cycle | Cycle 2 Cycle 3
Variable
OR 95%Cl OR 95%Cl OR 95%Cl

Men 3.82 1.99,8.00 3.45 1.73,7.70 6.66 2.58,26.82
Age group*

35-44 1.53 0.79,3.05 243 1.24,4.91 1.66 0.76,3.64

45-59 2.67 1.44,5.47 3.40 1.72,7.15 1.90 0.83,4.19

60+ 0.84 0.07,9.29 0.71 0.02,13.80 0.76 0.01,37.61
Presence of Covid-19 symptoms

Covid-19 symptoms 7.51 4.24,14.02 3.84 207,731 3.31 1.63,6.94
RD-STDC (in the previous 6 months) 6.44 3.24,13.67 728 3.76,15.07 5.72 2.72,12.00
95%Cl: 95% Credible Intervals
* Reference group: younger than 35 years old

Table Il

VACCINATION STATUS AND SEROPREVALENCE FOR EACH VACCINE BRAND IN ESSENTIAL WORKERS OF A LARGE=
SCALE COMPANY IN THE GREATER MExico CiTy MeETROPOLITAN AREA, NoVvEMBER 2021

Vaccinated workers

Antibodies within vaccine group

Vaccine Sample size (crude) Weighted estimate (%) 95%Cl Sample size (crude) Weighted estimate (%) 95%Cl
Astra Zeneca 443 5248 49.10,55.90 443 99.36 98.48,99.95
Cansino* 2 0.49 0.15,1.09 2 60.59 25.07,93.36
Janssen | 0.36 0.07,0.79 | 51.02 12.16,88.93
Moderna 21 2.49 1.51,3.58 21 90.64 72.39,98.83
Pfizer 32 3.96 271,525 32 9351 83.33,99.09
Sinovac 54 6.38 4.78,7.95 53 94.64 85.98,99.51
Sputnik V 155 18.36 15.82,21.15 155 98.30 95.79,99.88
Unspecified 13 13.39 11.16,15.63 110 96.87 92.92,99.39
No 13 1.74 0.91,2.70 I 81.15 62.14,94.97

95%Cl: 95% Credible Intervals

* Estimation assuming each percent is distributed Beta with a standard uniform prior. For small sample sizes, the prior is strong enough that the posterior

estimate does not move far enough from 0.5

Convenience sample

Supplementary tables 2-4% show the results for the con-
venience sample. Briefly, n= 575 Cycle 1, n= 456 Cycle
2, n= 893 Cycle 3, and n= 637 Cycle 4 workers were
included. Sex distribution was similar to the random
sample, with slightly more women in Cycles 3 and 4. The
percentage of positive PCR tests was higher than in the
random sample of individuals with antibodies. Workers
with an RD-STDC in the previous six months were Cycle
1: 12.55%, Cycle 2: 8.70%, Cycle 3: 9.61%, and Cycle 4:
9.92%. Seroprevalence across different factors and vac-
cination status was similar to the random sample.
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Discussion

In this study of workers from a large-scale essential com-
pany in the GMCMA, we found that the workforce was
largely dominated by men and that most were younger
than 50. This translated into an important time lag be-
tween the start of the pandemic in Mexico and vaccine
eligibility for this population group; workers 40-49 were
vaccinated May-June 2021 and those younger from June
2021 onward. The first three cycles were well before the
vaccination campaign, and we detected that at least 20%
of workers had antibodies, indicating previous infection
with SARS-CoV-2. The seroprevalence for our first cycle
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was similar to that reported in the 2020 Covid-National
Health and Nutrition Survey (28%; 95%CI: 25.6,30.4).”

When analyzing the data for the first three cycles
simultaneously in the multilevel logistic regression
models (accounting for dependency of time, strata hi-
erarchy and survey’s sampling design) we confirmed a
strong association between reporting an RD-STDC and
seroprevalence with ORs of 6.44 (95%Cl: 3.24,13.67), 7.28
(95%CI: 3.76,15.07), 5.72 (95%CI: 2.72,12.00) for cycles
1, 2 and 3 respectively. Interestingly the association is
strongest for cycle 2 despite seroprevalence being lower
than cycle 1 for both men and women (table I). In this
same model we confirmed that men had higher odds of
being seroprevalent compared to women and that cycle
3 had a stronger impact OR= 6.66 (95%CI: 2.58,26.82)
and workers between 45-59 years old showed a stronger
association in cycles 1 and 2, contrary to these workers
older than sixty showed a protective association with
odds lower than 1, however this is not surprising due
to the small number of workers in this age group that
were included in the study (since per the Health Min-
istry mandate they should've been working remotely).
Lastly, having Covid-19 symptoms had the strongest as-
sociation with seroprevalence for the first cycle OR="7.51
(95%Cl: 4.24,14.02), this is interesting since the data is
self-reported and could be pointing at a reporting bias as
the pandemic in Mexico was more recent and less infor-
mation on associated symptoms was available possibly
leading to workers over report symptoms compared to
the following cycles, or conversely there was less symp-
tom reporting in the following cycles. Overall, we saw
that having an RD-STDC in the previous six months was
strongly associated with seroprevalence and highlights
the usefulness of administrative data readily available
to predict disease in a defined population.

During Cycle 1, the first epidemic wave was declin-
ing. Official data reported close to 750 000 confirmed
cases, with a daily incidence that varied from 1 806 on
September 27th to 6 254 on the 28th, with an average of 4
911 new cases per day.?® Given our sampling change on
Cycles 2 and 3, we can only readily compare results for
Cycle 1, which points to a possible larger seropositivity
in this workforce.

Essential workers have been reported to have
activities with prolonged close contact associated with
more vulnerability to Covid-19.% A study of meat-
packing workers identified the use of public and shared
transportation, crowded living conditions, and poor
physical distance during breaks-common in our study
population.®” Additionally, activities related to produc-
tion, transportation, food preparation, and sales had
been identified as Covid-risk activities.’! Cases among
health care workers showed a nonlinear growth across
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the Covid-19 waves; a study in Italy showed an increase
in total cases in the second wave and a considerable
reduction of total cases during the third wave that could
be due to the vaccination strategy.*> Considering that
IgG persistence over time is influenced by the severity
of Covid-19, that they can decline by 31.3% by after 3
months® but could remain up to 430 days after infec-
tion, our results suggest that a large proportion of
workers had subclinical infection (i.e. neither reported
a history of respiratory illness nor sought out an RD-
STDC) but developed antibodies, pointing to the need to
reinforce and enable large-scale testing in asymptomatic
individuals in an active workforce to curb transmission.
To our knowledge this is the only study that has evalu-
ated the presence of antibodies in Mexican essential
workers previous to vaccination and found that in cycle
1 (September 22-29, 2020) more than a quarter of male
workers-28.51% of men (95%CI: 24.59,32.21) and 20.85%
of women (95%CI: 11.09,30.00)- had been infected; by
cycle 2 (November 9-13, 2020) 22.18% of men (95%Cl:
18.54,25.30) and 16.85% of women (95%CI: 10.88,24.74)-
workers had been infected; and by cycle 3 (January 4-9,
2021) 21.26% of men (95%CI: 17.38,25.20) and 16.93% of
women (95%CI: 8.30,25.80)- workers had been infected.
A study of seroprevalence to SARS-CoV-2 in n=262
public transportation workers in Sweden (April-May
2021) found a 50% seroprevalence, which was more
than twice than the general population (18.3%). The
same study also found that men had higher risk of be-
ing seropositive (OR 1.3,95%CI: 1.1,1.6) in line with our
study.!? Given no sex difference for Covid-19 infection,®
we infer that this could be due to the sex disparity in
economic employment in Mexico, with more men than
women being formally employed.* However, men tend
to have higher mortality rates.”” Another seroprevalence
study of n= 418 public servants from the municipality
of Prishtina, Kosovo (October-November 2020), found
that 21.1% of them tested positive," similar to the sero-
prevalence in our study. In grocery store workers, an-
other essential workforce during the pandemic, n= 706
grocery workers from Minnesota 7.9% were seropositive
and having more job responsibilities increased the risk
of being seropositive OR:1.14 (95%Cl: 1.01,1.27).1> Our
study participants worked at a distribution center, a
sales center or a production plant. We found a higher
seroprevalence in production plants in the prevaccina-
tion cycles (i.e. cycles 1-3, results not shown) in line with
these findings, as workers in production plants have
more variation in their work tasks and are surrounded
by more coworkers.

The results for the RD-STDC were somewhat un-
expected; Cycle 2 was 3% lower than in the first cycle.
However, this can be explained given the time elapsed
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between cycles and the RD-STDC correlation to the
underlying epidemic behavior. A decrease in RD-STDCs
could reflect low awareness to prevent transmission dur-
ing work activities to avoid out-of-work virus spread;
to encourage reporting, IMSS implemented a strategy
to facilitate online RD-STDCs, avoiding having symp-
tomatic people expose others when visiting hospitals
and healthcare personnel. During the study period the
company’s RD-STDC translated to 43 million pesos
from 119 210 authorized disability days and 86 848
subsidized days which means that 73% of authorized
days were paid to the worker since there are two types
of STDC, for a general illness (60% of salary paid from
the 4" day onward) and for a work related illness (100%
of salary paid from the 1% day). This loss of income for
the worker, when on a STDC for general illness could
explain that 21% in cycle 1, 18% in cycle 2, and 17% of
workers that were seropositive didn’t have a RD-STDC
in the previous six months.

A limitation in our study was that we didn’t have
control over the sampling frame, so we were unable to
adjust for information on eligible workers that varied
between each cycle due to 1) new hires, 2) contract ter-
mination, 3) change of work center, or 4) new vulnerabil-
ity determination. The company financed all biological
testing and decided that study participants who tested
positive should not be tested again, hence excluding them
from the sampling frame in subsequent cycles. At the time
of this study, we hadn’t considered immunity waning
either. Workers that tested positive for antibodies were ex-
cluded from the subsequent sampling frame. This could
represent a bias in our estimations that can be considered
alower bound for the true prevalence, in other words our
results are most likely underestimated. Another limitation
was the analysis of anti-S antibodies for Cycle 4 (instead
of anti-N), which impeded comparison with the previ-
ous cycles, however the results can indirectly be used to
highlight the success of the vaccination campaign. The
company financed all biological testing, hence made the
corresponding decisions and their priority was vaccina-
tion compliance. We were able to report that only 1.74% of
study participants were not vaccinated and Astra Zeneca
vaccine was the most prevalent (52.48%).

The integration and use of RD-STDCs can be lever-
aged as a source of complementary data for health system
surveillance. Our study is a private-public collabora-
tion, and the results were analyzed and discussed with
decision-makers of the company to mitigate transmission
chains in work centers, maximize the impact of control
measures (such as case identification and contact trac-
ing), or otherwise optimize existing management and
engineering measures established by the company during
the pandemic.

342

Acknowledgments

To the company and sector union labor for their support
throughout the design, implementation, and in adopting
recommendations elicited from this study. To Inmegen,
in particular Dr. Luis Alonso Herrera-Montalvo, Em-
manuel Frias, and the team, for their support and pivotal
technical inputs.

Declaration of conflict of interests. The authors declare that they have no
conflict of interests.

References

I. Carlsten C, Gulati M, Hines S, Rose C, Scott K, Tarlo SM, et al. CO-
VID-19 as an occupational disease.Am | Ind Med. 202 1;64(4):227-37.
https://doi.org/10.1002/ajim.23222

2. Grupo Técnico Asesor de Vacunacion Covid- 9. Priorizacion inicial y
consecutiva para la vacunacion contra SARS-CoV-2 en la poblacion mexi-
cana. Recomendaciones preliminares. Salud Publica Mex. 2021;63(2):288-
309. https://doi.org/10.21149/12399

3. Bubar KM, Reinholt K, Kissler SM, Lipsitch M, Cobey S, Grad YH, et al.
Model-informed COVID-19 vaccine prioritization strategies by age and
serostatus. Science. 2021;371(6532):916-21. https://doi.org/10.1126/sci-
ence.abe6959

4. Barrientos-Gutiérrez T, Alpuche-Aranda CM, Bautista-Arredondo S. Re-
spuesta a “Reflexiones sobre la estrategia de vacunacion en México para
personas de 50 a 59 afos”. Salud Publica Mex. 2021;63(5):596-7. https:/
doi.org/10.21149/12815

5. Knaul FM, Touchton M, Arreola-Ornelas H,Atun R,Anyosa-Calderén R},
Frenk J, et al. Punt politics as failure of health system stewardship: evidence
from the COVID-19 pandemic response in Brazil and Mexico. Lancet Reg
Health Am. 202 1;4:100086. https://doi.org/10.1016/j.lana.2021.100086

6. Gomez-Dantés O, Sesma S, Becerril VM, Knaul FM, Arreola H, Frenk J.
Sistema de salud de México. Salud Publica Mex. 201 1;53(suppl2):s220-32
[cited March 15,2023]. Available from: https://saludpublica.mx/index.php/
spm/article/view/5043

7. Gobierno de México. Lineamientos Técnicos de Seguridad Sanitaria en
el Entorno Laboral. Entornos Laborales Seguros y Saludables [Internet]
[cited March 15,2023]. Available from: https://nuevanormalidad.gob.mx/
8. Hernandez-Avila M, Tamayo-Ortiz M,Vieyra-Romero W, Gutiérrez-Diaz
H, Zepeda-Tello R, Barros-Sierra D, et al. Use of private sector work-
force respiratory disease short-term disability claims to assess SARS-
CoV-2, Mexico, 2020. Emerg Infect Dis. 2022;28(1):214-18. https://doi.
org/10.3201/eid2801.211357

9. Hernandez-Avila M,Vieyra-Romero W, Gutiérrez-Diaz H, Barros-Sierra
D, Zepeda R, Segura-Sanchez C, et al. Comportamiento epidemioldgico
de SARS-CoV-2 en poblacion trabajadora afiliada al Instituto Mexicano
del Seguro Social. Salud Publica Mex. 2021;63(5):607-18. https://doi.
org/10.21149/12495

10. Sjors Dahlman A, Anund A. Seroprevalence of SARS-CoV-2 anti-
bodies among public transport workers in Sweden. ] Transp Health.
2022;27:101508. https://doi.org/10.1016/j.jth.2022.101508

I'l. Gashi B, OsmaniV, Halili R, Hoxha T, Kamberi A, Hoti N, et al.
Seroprevalence of Anti-SARS-CoV-2 Antibodies among Municipal

Staff in the Municipality of Prishtina. Int | Environ Res Public Health.
2021;18(23):12545. https://doi.org/10.3390/ijerph 182312545

12.Vachon MS, Demmer RT,Yendell S, Draeger K], Beebe TJ, Hedberg CW.
SARS-CoV-2 Seroprevalence survey in grocery store workers-Minnesota,

salud puiblica de méxico [ vol. 65, no. 4, julio-agosto de 2023


https://doi.org/10.1002/ajim.23222
https://doi.org/10.21149/12399
https://doi.org/10.1126/science.abe6959
https://doi.org/10.1126/science.abe6959
https://doi.org/10.21149/12815
https://doi.org/10.21149/12815
https://doi.org/10.1016/j.lana.2021.100086
https://saludpublica.mx/index.php/spm/article/view/5043
https://saludpublica.mx/index.php/spm/article/view/5043
https://nuevanormalidad.gob.mx/
https://doi.org/10.3201/eid2801.211357
https://doi.org/10.3201/eid2801.211357
https://doi.org/10.21149/12495
https://doi.org/10.21149/12495
https://doi.org/10.1016/j.jth.2022.101508
https://doi.org/10.3390/ijerph182312545

SARS-CoV-2 impact in essential non-healthcare workers

ARTICULO ORIGINAL

2020-2021. Int ] Environ Res Public Health. 2022;19(6):3501. https://doi.
org/10.3390/ijerph 19063501

13. Sarndal CE, Swensson B,Wretman J. Model Assisted Survey Sampling.
Springer Science & Business Media;2013:716.

14.Abbott. ARCHITECT ci4100 Integrated System | Core Laboratory

at Abbott [Internet]. USA: 2023 [cited March 15,2023]. Available from:
https://www.corelaboratory.abbott/int/en/offerings/brands/architect/
architect-ci4100.html

I5.Abbott. AdviseDx SARS-CoV-2 IgG Il [Internet]. Ireland: 2022 [cited
March 15,2023]. Available from: https://www.fda.gov/media/ 146371/
download

16. Roche. Elecsys Anti-SARS-CoV-2 Scobas [Internet]. USA: 2022 [cited
March 15,2023]. Available from: https://www.fda.gov/media/ 144037/
download

|7.Thermo Fisher Scientific Inc. TagPath COVID-19 CE-IVD RT-PCR

Kit instructions for use [Internet]. USA: 2020 [cited March 15,2023].
Available from: https://assets.thermofisher.com/TFS-Assets/LSG/manuals/
MANO0019215_TaqPathCOVID-19_CE-IVD_RT-PCR%20Kit_IFU.pdf

18. Zepeda R. SARSCOV2-seroprevalence-paper-essential-workers [Inter-
net]ci. github: 2023 [cited March 15,2023]. Available from: https:/github.
com/RodrigoZepeda/SARSCOV2-seroprevalence-paper-essential-workers
19. Gelman A, Carpenter B. Bayesian analysis of tests with unknown
specificity and sensitivity. | R Stat Soc Ser C Appl Stat. 2020;69(5):1269-83.
https://doi.org/10.111 /rssc.12435

20. Bendavid E, Mulaney B, Sood N, Shah S, Bromley-Dulfano R, Lai C, et al.
COVID-19 antibody seroprevalence in Santa Clara County, California. Int
Epidemiol. 2021;50(2):410-19. https://doi.org/10.1093/ije/dyab010

21. Betancourt M}, Girolami M. Hamiltonian Monte Carlo for Hier-
archical Models [internet]. arXiv stat. 2013. https://doi.org/10.48550/
arXiv.1312.0906

22.R Interface to CmdStan [Internet] [cited June 30, 2022]. Available from:

https://mc-stan.org/cmdstanr/

23. Stan [Internet]. stan-dev.github.io [cited June 30, 2022]. Available from:
https://mc-stan.org/

24. European Environment Agency. R Core Team (2020) [Internet].Vienna,
Austria: 2020 [cited June 30,2022]. Available from: https://www.eea.
europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-
rivers/r-development-core-team-2006

25. Barros-Sierra D, Zepeda-Tello R, Tamayo-Ortiz M, Gutiérrez-Diaz H,
Pérez-Chavez V, Rosa-Parra JA, et al. Supplementary material_SPM_SARS-
CoV-2 seroprevalence and respiratory disease disability claims in Mexico
City Metropolitan Area [cited july 14,2023].Available from: https:/
figshare.com/articles/journal_contribution/Supplementary_material_
SPM_2023_docx/23681397/1

26. Secretaria de Salud. SANA DISTANCIA COVID-19 [Internet]. México:
2020 [cited March 15,2023]. Available from: https://www.gob.mx/salud/
documentos/sana-distancia

salud piiblica de méxico | vol. 65, no. 4, julio-agosto de 2023

27.Sanchez-Pajaro A, Pérez-Ferrer C, Basto-Abreu A, Rivera-Dommarco J,
Barquera S, Denova-Gutiérrez E, et al. Seroprevalencia de SARS-CoV-2 en
adultos y adultos mayores en México y su asociacion con enfermedades
cronicas. Ensanut 2020 Covid-19. Salud Publica Mex. 2021;63(6):705-12.
https://doi.org/10.21149/13163

28. CSSEGISandData. COVID- 19 Data Repository by the Center for
Systems Science and Engineering (CSSE) at Johns Hopkins University
[Internet]. github: 2022 [cited June 30,2022]. Available from: https:/github.
com/CSSEGISandData/COVID-19

29. Quigley DD, Qureshi N, Gahlon G, Gidengil C.Worker and employer
experiences with COVID-19 and the California Workers’ Compensa-
tion System:A review of the literature.Am J Ind Med. 2022;65(3):203-13.
https://doi.org/10.1002/ajim.23326

30. Dyal JW, Grant MP, Broadwater K, Bjork A, Waltenburg MA, Gibbins |D,
et al. COVID-19 among workers in meat and poultry processing facilities -
19 States, April 2020. MMWR Morb Mortal Wkly Rep. 2020;69(18):557-61.
http://doi.org/10.15585/mmwr.mm6918e3

31. Groenewold MR, Burrer SL,Ahmed F, Uzicanin A, Free H, Luckhaupt
SE. Increases in health-related workplace absenteeism among workers in
essential critical infrastructure occupations during the COVID-19 pan-
demic - United States, March-April 2020. MMWR Morb Mortal Wkly Rep.
2020;69(27):853-8. http://doi.org/10.15585/mmwr.mm6927al

32.Mendola M, Tonelli F, Garletti FS, Greco D, Fiscella M, Cucchi |, et al.
COVID-19 impact and vaccine effectiveness among healthcare workers of
a large University Hospital in Lombardy, Italy. Med Lav. 2021;112(6):453-
64. https://doi.org/10.23749/mdl.v1 12i6.11983

33. Choudhry N, Drysdale K, Usai C, Leighton D, SonagaraV, Buchanan R,
et al. Disparities of SARS-CoV-2 Nucleoprotein-Specific IgG in health-
care workers in East London, UK. Front Med. 202 1;8:642723. https://doi.
org/10.3389/fmed.2021.642723

34. Scheiblauer H, Niibling CM,Wolf T, KhodamoradiY, Bellinghausen C,
Sonntagbauer M, et al. Antibody response to SARS-CoV-2 for more than
one year — kinetics and persistence of detection are predominantly deter-
mined by avidity progression and test design. | Clin Virol. 2022;146:105052.
https://doi.org/10.1016/j.jcv.2021.105052

35.Ambrosino |, Barbagelata E, Ortona E, Ruggieri A, Massiah G, Giannico
OV, et al. Gender differences in patients with COVID-19:a narrative
review. Monaldi Arch Chest Dis. 2020;90(2). https://doi.org/10.408 | /mon-
aldi.2020.1389

36. Instituto Nacional de Estadistica y Geografia. Resultados de la en-
cuesta nacional de ocupacion y empleo. Nueva edicién (ENOEN) Cifras
durante el cuarto trimestre de 2020 [Internet]. México: Inegi, 2020 [cited
March 15,2023]. Available from: https://www.inegi.org.mx/contenidos/
saladeprensa/boletines/202 | /enoe_ie/enoe_ie2021_02.pdf

37. Mukherijee S, Pahan K. Is COVID-19 Gender-sensitive?! | Neuroim-
mune Pharmacol. 2021;16(1):38-47. https://doi.org/10.1007/s | 1481-020-
09974-z

343


https://doi.org/10.3390/ijerph19063501
https://doi.org/10.3390/ijerph19063501
https://www.corelaboratory.abbott/int/en/offerings/brands/architect/architect-ci4100.html
https://www.corelaboratory.abbott/int/en/offerings/brands/architect/architect-ci4100.html
https://www.fda.gov/media/146371/download
https://www.fda.gov/media/146371/download
https://www.fda.gov/media/144037/download
https://www.fda.gov/media/144037/download
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0019215_TaqPathCOVID-19_CE-IVD_RT-PCR%20Kit_IFU.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0019215_TaqPathCOVID-19_CE-IVD_RT-PCR%20Kit_IFU.pdf
https://github.com/RodrigoZepeda/SARSCOV2-seroprevalence-paper-essential-workers
https://github.com/RodrigoZepeda/SARSCOV2-seroprevalence-paper-essential-workers
https://doi.org/10.1111/rssc.12435
https://doi.org/10.1093/ije/dyab010
https://doi.org/10.48550/arXiv.1312.0906
https://doi.org/10.48550/arXiv.1312.0906
https://mc-stan.org/cmdstanr/
https://mc-stan.org/
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-development-core-team-2006
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-development-core-team-2006
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-development-core-team-2006
https://figshare.com/articles/journal_contribution/Supplementary_material_SPM_2023_docx/23681397/1
https://figshare.com/articles/journal_contribution/Supplementary_material_SPM_2023_docx/23681397/1
https://figshare.com/articles/journal_contribution/Supplementary_material_SPM_2023_docx/23681397/1
https://www.gob.mx/salud/documentos/sana-distancia
https://www.gob.mx/salud/documentos/sana-distancia
https://doi.org/10.21149/13163
https://github.com/CSSEGISandData/COVID-19
https://github.com/CSSEGISandData/COVID-19
https://doi.org/10.1002/ajim.23326
http://doi.org/10.15585/mmwr.mm6918e3
http://doi.org/10.15585/mmwr.mm6927a1
https://doi.org/10.23749/mdl.v112i6.11983
https://doi.org/10.3389/fmed.2021.642723
https://doi.org/10.3389/fmed.2021.642723
https://doi.org/10.1016/j.jcv.2021.105052
https://doi.org/10.4081/monaldi.2020.1389
https://doi.org/10.4081/monaldi.2020.1389
https://www.inegi.org.mx/contenidos/saladeprensa/boletines/2021/enoe_ie/enoe_ie2021_02.pdf
https://www.inegi.org.mx/contenidos/saladeprensa/boletines/2021/enoe_ie/enoe_ie2021_02.pdf
https://doi.org/10.1007/s11481-020-09974-z
https://doi.org/10.1007/s11481-020-09974-z

